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Abstract
Most of the grain quality traits are governed by QTLs due to their polygenic inheritance and hence, it becomes difficult to identify and isolate the genes governing these oligo/polygenic characters through conventional methods of plant breeding. Molecular markers have received considerable attention in recent years and have been extensively used for genetic diversity analysis, phylogenetic and evolutionary studies, and mapping and tagging of genes/QTLs of agronomic importance in different plant species. However, progress in genetic mapping of wheat has been slow but with the development of highly informative and technically simple PCR-based markers like RAPD (Randomly Amplified Polymorphic DNA), ISSR (Inter Simple Sequence Repeat), AFLP (Amplified Fragment Length Polymorphism) and microsatellites, marker-based analysis of agronomically important traits in wheat has gained momentum. Molecular markers associated with a number of genes/QTLs for disease resistance, physiological responses and yield related traits have been identified in wheat as well as in other crops. The quality of wheat grains, which was not well attended earlier, has become a very important criterion in global market. Indian wheat, in particular, needs to be improved in terms of quality, not only for the domestic use but also for meeting international standards for export purpose. Present-day Indian wheats have optimum characters needed for Chapati making, but are not ideal for industrial food products like biscuits, bread and noodles. To have a good bread, characters like high loaf volume, uniform and small grains in the crumb, smooth crust and hardness of grain should be present optimally in a wheat variety. Protein content and grain quality are especially two important characters that determine the overall bread making quality of wheat variety. As dissection of important grain quality traits by means of molecular marker assisted QTL analysis will be of great significance for plant breeders in designing their breeding strategies to improve wheat quality, I have used PCR based markers to identify loci governing grain quality traits and some of the highlights of this work are as follows: 

Protein content in wheat: A trait analyzed at two agroclimatic zones in India using molecular markers Grain protein content (GPC) of hexaploid wheat is one of the important factors that determines the end use quality (higher the GPC, harder the grain which in turn gives good milling recovery) as well as plays a pivotal role in human nutrition. However, GPC is governed by a complex genetic system and is influenced by environment. To identify DNA based markers linked to GPC, 106 RILs were developed from a cross between the two wheat cultivars PH-132 (high GPC) and WL-711 (low GPC) differing significantly in GPC. The RIL population was phenotyped for GPC at two agroclimatic locations, namely, Pune and Ludhiana and the parents were screened with different PCR based markers. The selective genotyping and whole population analysis revealed 15 markers associated with the trait. Two markers were observed to be associated with the trait in both the locations, whereas 6 markers were found to be specific to Pune and 7 markers were specific to Ludhiana, together accounting for 18.8% and 24.0% of phenotypic variation, respectively. . Molecular marker analysis of wheat grain size, a determinant of consumer preference The end use quality of wheat is greatly influenced by grain size, which can be measured by TKW (Thousand-kernel weight). Grain size is an important wheat breeding objective as it is phenotypically the most stable yield component and is positively correlated with flour yield. Grain size is a complex character in wheat and any information on its genetic control, is useful in increasing breeding efficiency. The present study was undertaken to identify molecular markers associated with grain size in hexaploid wheat, using 113 RILs developed from a cross of Rye Sel-111 (having bold grain) and Chinese spring (having small grain). Single markers analysis with QGENE software revealed total fourteen markers, which were associated with grain size. While individually these markers contributed 2.6% to 14.8% of total phenotypic variation, they showed total 39% phenotypic contribution to grain size in multiple regression analysis. This information will help wheat breeders in selection of grain size at early generation and designing strategies to improve wheat grain quality. 
Dissection of grain shape and size traits in wheat using PCR-based DNA markers The economic value of wheat is determined by quality of the grain, which depends in part on appearance of the grain. Grain shape and uniformity, the two important factors which influence the milling quality of wheat, are the final manifestation of several components such as grain length, width and density. To detect putative QTLs (pQTL) controlling grain shape, the RIL population of 113 plants, developed from a cross of Rye Sel-111 and Chinese spring, was screened with different PCR based markers. These 113 RILs were genotyped with polymorphic marker loci and were evaluated for three kernel traits viz. grain length, width and density. The number of significant (p<0.05) markers associated with pQTLs ranged from 3 to 10. The percentage phenotypic variation explained by each pQTL associated with marker ranged from 2.9 to 9.5% and many pQTLs were shared among the traits indicating either pleiotropic effect of single QTL and/or tight linkage between QTLs. The information of genetic basis of these traits and identification of markers associated with them is the first step in the final objective of wheat improvement. 
Yellow berry tolerance in wheat: Inheritance and molecular marker studies Yellow berry (YB) is an important physiological disorder in wheat, which causes production of undesirable and off colored grains. YB arises primarily due to deficiency of nitrogen concentration in soil and is recognized by its softer light colored starchy endosperm, which lacks the various texture characteristics of normal grains. YB seriously affects the GPC, thereby affecting bread-making quality in common wheat and pastamaking quality in durum wheat (T. durum). In order to study inheritance and to identify molecular markers associated with YB tolerance, the RIL population of 113 plants, developed from a cross of Rye Sel-111 (YB tolerant) and Chinese spring (YB susceptible), was phenotyped for YB tolerance. The data of YB incidences indicated that atleast one major gene/ QTL and few minor genes govern the tolerance to YB. DNA marker analysis revealed one major locus on chromosome 5D and three markers showed presence of minor loci for YB tolerance. Association of YB tolerance with GPC was analyzed using markers associated with YB tolerance and was found to be reciprocal in this population in accordance with previous reports. 
Future of grain quality research with wheat genomics: Wheat has a large genome size with high proportion of repeat sequences, making it difficult to isolate gene(s) of interest. To improve these efforts and to develop gene enriched genomic libraries, 'Genetic filtration' can be used as an alternative strategy which has been successfully employed in maize with the use of methylation restrictive E. coli host strains (Rabinowicz et al. 1999). During the last decade, comparative mapping efforts have shown similarity in gene order between wheat and rice and information generated with the complete sequencing of rice genome will be extremely useful for genetic studies in Triticeae. However, application of this information to some of the critical genetic problems specific to wheat such as breadmaking quality, pastamaking quality, winter hardiness and vernalization requirements is yet be ascertained (Lagudah et al. 2001). Also, positional cloning efforts in Triticeae using rice genomics information may have limited application as various reports have shown hybridization of cDNA clones to non-colinear regions in wheat and rice. Efforts are underway for functional genomics and proteomics approach in wheat. Several labs around the globe are currently engaged in developing the BAC library of tetraploid and hexaploid wheats. During the initial stage in functional genomics of wheat, large numbers of ESTs is being generated and are currently available in the GenBank stems from the co-ordinated efforts of public institutions, under the International Triticeae EST Consortium (http://wheat.pw.usda.gov/genome/index.html). A consortium of thirteen USA-labs has recently been funded to assign 10,000 ESTs (http://wheat.pw.usda.gov/NSF/home.html). The available information of ESTs can be utilized in assigning the gene function and assembly of a large number of wheat ESTs on solid-media (micro-arrays) can be useful in global gene expression studies in different tissues and developing stages. For example, micro-arrays of grain ESTs will improve our knowledge of the expression of genes affecting starch, gluten and lipid synthesis with their combined effect on grain quality (Lagudah et al. 2001). High-resolution 2-dimensional protein electrophoresis with improved heterologus systems for expressing isolated genes from wheat grain will provide proteomic approach, complementing the functional genomics in wheat. Both these approaches are currently being utilized to identify novel genes that may have role in the differential initiation and synthesis of wheat starch A and B granules (Lagudah et al. 2001). Availability of molecular markers for the main genes affecting quality has opened new avenues for commercial development of different wheat products. For example, varieties with altered starch properties can be selected using markers for the SGP-1 (starch granule protein-1) and GBSS (granule bound starch synthase) mutants. Also, hardness of the grain can be altered with introgression of 'softness' alleles and gluten strength can be modified with the simultaneous use of molecular markers for high and low molecular weight glutenins (Lagudah et al. 2001). Despite the availability of a large number of molecular markers in wheat, their application in practical breeding involving marker-assisted selection (MAS) is still in its infancy and very few reports are available on MAS for wheat breeding such as Ogbonnaya et al. (1998) who have reported usefulness of molecular markers in selection and pyramiding genes for cereal cyst nematode resistance in wheat. My thesis work also provides a base to carry out marker-assisted selection in wheat. For example, the phenotypic data of the two populations i.e. of GPC and grain size, which are grown in different agroclimatic zones can facilitate to identify stable as well as environment specific loci governing the grain quality traits. Similarly, the markers, which are reported to have more than 10% of contribution to the phenotypic variations for these traits, can be used in different populations that are segregating for these characters for the marker validation and application in MAS. Finally, the ISSR and RAPD markers that are linked to the traits can be converted into SCAR and employed in further population analysis. Thus, taking into account the fact that over 50% of the agricultural productivity of the world has been achieved through conventional breeding and the sensible use of modern tools of biotechnology, as put forth by Nobel Laureate, Prof. Norman E. Borlaug; the close interaction between plant breeders and biotechnologist will accelerate the efforts to meet the challenges of agricultural productivity and food security as well as consumer oriented world food market. 
  	 


